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DESCRIPTION 



LIQUID CRYSTAL DISPLAY PANEL 



TECHNICAL FIELD 

The present invention relates to a segment-type liquid crystal display 
panel suitable for displaying information by numerals and alphabets, for 
example, time information or calendar of a timepiece, or a telephone number 
of a cellular phone (portable telephone). 

BACKGROUND TECHNOLOGY 

There are segment-type and matrix-type liquid crystal display panels 
for digital display, each for displaying information by characters and 
numerals. The segment type is positively used as a display portion of a 
timepiece, a cellular phone, or the like because of ease for use and low 
manufacturing cost though it has low flexibility of display (display capacity) 
as compared to the matrix type. 

A conventional segment-type liquid crystal display panel is structured 
such that two glass substrates have a liquid crystal layer sandwiched 
therebetween, one of the substrates has thereon a plurality of segment 
electrodes of segment-type electrodes forming a pattern of numeral or the like, 
and the other substrate has thereon an opposite electrode which is disposed to 
face the segment electrodes to perform a display by a pattern of combination 
of the segment electrodes through use of optical change in the liquid crystal 
layer caused by selectively applying voltage to the liquid crystal layer by 
means of the segment electrodes and the opposite electrode. 
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Hence, in such a conventional segment-type liquid crystal display 
panel, only a portion where the segment electrode and the opposite electrode 
overlap each other operates as a pixel area (display area), but a display state 



Accordingly, specifically in the case in which a mixed liquid crystal 
layer composed of a liquid crystal and a transparent solid substance is used as 
the liquid crystal layer, and when the liquid crystal layer has a scattering 
property where no voltage is applied thereto or when it has a transmission 
property where no voltage is applied thereto, it is impossible to easily reverse 
brightness and darkness of the display as in the liquid crystal display panel 
using a twisted nematic liquid crystal layer or the like and a polarizer. 

Similarly, also when a mixed liquid crystal layer composed of a liquid 
crystal and a dichroic dye is used as the liquid crystal layer, it is impossible to 
easily reverse a transmission area and a colored area in the liquid crystal 
layer. 

In the case of the liquid crystal display panel using a twisted nematic 
_(TN) liquid crystal layer or a super twisted nematic (STN) liquid crystal layer 
and a polarizer, brightness and darkness of display can be reversed by an 
attaching angle of the polarizer but it is impossible to perform a display by 
optionally controlling brightness and darkness of the display area and the 
background area. 

v^(3ne example of the conventional segment-type liquid crystal display 
panel is no^e9q^ained with reference to, the drawings. FIG. 34 is a plane 
view showing an enlarged^areangement example of segment electrodes and an 



opposite electrode in the conventionalsfeginent-type liquid crystal display 
panel, and FIG. 35 is a partially enlarged cross-sectional vrew^Qf the liquid 



in the other area (background area) can not be controlled. 
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o i ^ m LOUujlay panel taken along a line A-A in blGrltfr. 

In this liquid crystal display panel, as shown in FIG. 35, a first 
substrate 1 that is a transparent glass substrate disposed at the upper side 
(visible side) and a second substrate 2 that is a transparent glass substrate 
disposed at the lower side (the opposite side to the visible side) are coupled 
together with a predetermined gap intervening therebetween with spacers and 
a sealing material which are not shown, and a liquid crystal layer 3 is sealed 
in the gap, which is composed of a mixed liquid crystal of a liquid crystal and 
a transparent solid substance. 

On the first substrate 1 (inner surface), as clearly shown in FIG. 34, a 
plurality of segment electrodes 5a to 5g (referred to as "segment electrodes 5" 
when they are collectively called) are provided, which are made of a 
transparent conductive film. On the other hand, on the second substrate 2 
(inner surface), an opposite electrode 6 made of a transparent conductive film 
is provided to face the entire region including the segment electrodes 5 a to 
5g. 

In this example, seven segment electrodes 5a to 5g take a. pattern 
arrangement of the form of "8", and gaps are provided between the segment 
electrodes 5a to 5g respectively. This is a so-called seven-segment type 
arrangement. Further, the segment electrodes 5a to 5g have respective 
wiring electrodes 12 which are respectively connected to segment electrode 
terminals (not shown) for individually applying external signals thereto. 

Overlaps between the segment electrodes 5a to 5g and the opposite 
electrode 6 form a pixel area (display area) 32, and the other portion forms a 
background area 33. 

The transparent solid substance in the liquid crystal layer 3 is formed 



in such a manner that a liquid crystal, in which an organic monomer is 
dissolved in advance, is injected into the gap between the first substrate 1 and 
the second substrate 2 and then applied with ultraviolet light. 

A display by this liquid crystal display panel is performed utilizing 
anisotropy of optical refractive index of the mixed liquid crystal forming the 
liquid crystal layer 3. More specifically, when optical refractive indices of 
the liquid crystal and the transparent solid substance which constitute the 
mixed liquid crystal are substantially the same, the . display becomes 
transparent, and as both optical refractive indices become different, its 
scattering degree increases. 

Actually, a predetermined signal (voltage) is selectively applied to the 
liquid crystal layer 3 by the segment electrodes 5 and the opposite electrode 6 
which are in contact with both upper and lower surfaces of the liquid crystal 
layer 3 respectively to control the optical refractive index of the mixed liquid 
crystal, thereby performing a desired display. 

For example, when numeral "1" is displayed, voltage is applied 
between the segment electrodes 5c and 5g, and the opposite electrode 6, and 
not applied between the other segment electrodes 5a, 5b, 5d, 5e and 5f, and 
the opposite electrode 6, whereby only portions of the pixel area 32 where the 
liquid crystal layer 3 is sandwiched between the segment electrodes 5 c and 
5g, and the opposite electrode 6 reduce in scattering degree (increase in 
transmittance) to have a scattering degree different from that of the other 
portion of the pixel area 32 and background area 33, thereby enabling 
recognition of "1". 

In such a conventional liquid crystal display panel, however, 
scattering and transmission of the liquid crystal layer 3 at the pixel area 32 



provided with the segment electrodes 5 can be controlled by applying voltage 
between the segment electrodes 5 and the opposite electrode 6, but they at the 
background area 33 around the pixel area 32 can not be controlled, allowing 
the liquid crystal layer 3 at the background area 33 to always maintain the 
scattering state. 

Accordingly, in order to bring the background area 33 into the 
transmission state, it is necessary to improve the material of the mixed liquid 
crystal or manufacturing method. It is impossible to easily reverse the 
brightness and darkness of the display by changing the attaching angle of the 
polarizer as in the conventional liquid crystal display panel by way of 
combination of the twisted nematic (TN) liquid crystal layer or the super 
twisted nematic (STN) liquid crystal layer and the polarizer. 

Further, when the above-described mixed liquid crystal layer is used, 
it is impossible to optionally perform in the same liquid crystal display panel, 
for example, a display in which the background area 33 is in a scattering state 
and the pixel area 32 is in a transmission state and a display in which 
conversely the background area 33 is in a transmission state and the pixel 
area 32 is in a scattering state. 

Furthermore, even when the twisted nematic (TN) liquid crystal layer 
or the super twisted nematic (STN) liquid crystal layer and the polarizer are 
used, it is impossible to electrically reverse bright and dark states of the pixel 
area and the background area when necessary in the same liquid crystal 
display panel. 

This is the same also in a liquid crystal display panel using a mixed 
liquid crystal layer containing a liquid crystal and a dichroic dye as a liquid 
crystal layer. 



Therefore, it is desired to control the quantity of transmission, 
scattering or absorption of light at the background area and the pixel area in 
the liquid crystal display panel for performing a display by change in the 
quantity of transmission, scattering or absorption of light by the liquid crystal 
layer without changing material and manufacturing method of the liquid 
crystal layer. 

Moreover, it is difficult in the conventional liquid crystal display 
panel to allow an observer to recognize information behind the liquid crystal 
display panel by controlling the quantity of transmission, scattering or 
absorption of light at the background area, or to dispose a photovoltaic 
device such as a solar cell behind the liquid crystal display panel and apply 
required light thereto. 

The invention is made in view of the above-described technical 
background, and its object is to make it possible to optionally reverse 
brightness and darkness of the pixel area and the background area of a liquid 
crystal display panel for displaying various kinds of information, to 
optionally control the quantity of transmission, scattering or absorption of 
light in the background area, allowing information behind the liquid crystal 
display panel to be viewed, or to dispose a photovoltaic device therein and 
optionally control the quantity of its power generation, thereby improving 
variety of visual design and function of a device using the liquid crystal 
display panel. 



DISCLOSURE OF THE INVENTION 

In order to achieve the above-described object, a liquid crystal display 
panel, which includes a liquid crystal layer sandwiched between transparent 
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first and second substrates, and a plurality of segment electrodes on the first 
substrate and an opposite electrode on the second substrate respectively to 
perform a display by a change in a state of transmission, scattering or 
absorption of light which is made incident on the liquid crystal layer, caused 
5 by selectively applying voltage to the liquid crystal layer by means of the 
segment electrodes and the opposite electrode, is structured as follows. 

Specifically, an auxiliary electrode is provided around each segment 
electrode on the first substrate with a slight gap intervening between the 
p segment electrode and the auxiliary electrode, and the auxiliary electrode is 

ji} 10 formed of the same transparent conductive film as that of the segment 
. electrodes, and an overlap between the opposite electrode and the segment 
electrode forms a pixel area, and an overlap between the opposite electrode 
-1 and the auxiliary electrode forms a background area. 

5 Further, it is preferable to provide a plurality of segment electrode 

PJ 15 terminals for individually applying external signals to the plurality of 

: 

P segment electrodes, and wiring electrodes for connecting the segment 

electrode terminals and the segment electrodes respectively, in which the 
auxiliary electrode is provided with a slight gap intervening also between the 
auxiliary electrode and the wiring electrode, the auxiliary electrode, the 
20 segment electrodes and the wiring electrodes are formed of the same 
transparent conductive film, and overlaps between the opposite electrode and 
the wiring electrodes also form the background area. 

It is desirable to make the gap between the wiring electrode and the 
auxiliary electrode on the first substrate smaller than the gap between the 
25 segment electrode and the auxiliary electrode. 

It is desirable that at least a portion of the wiring electrode with a gap 
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formed between the wiring electrode and the auxiliary electrode is made a 
thin wire electrode portion having a width that is the same as or smaller than 
that of the gap. 

It is preferable that the wiring electrode outside an outer periphery of 
the background area is a thick wire electrode portion having a width larger 
than that of the thin wire electrode portion. 

In this case, it is preferable to protrude a portion of an outer 
peripheral portion of the auxiliary electrode close to the thin wire electrode 
portion to be close to the thick wire electrode portion of the wiring electrode 
to form a gap between the protruding portion and the thick wire electrode 
portion, which is smaller than a gap between the protruding portion and the 
thin wire electrode portion. 

It is desirable that the thick wire electrode portion of the wiring 
electrode has a connection side portion for connecting the thin wire electrode 
portion and the segment electrode terminal, and an extending portion 
extending to the opposite side to the portion, and a gap between the 
protruding portion of the auxiliary electrode and the extending portion of the 
wiring electrode is smaller than a gap between the protruding portion of the 
auxiliary electrode and the connection side portion. 

Alternatively, it is also suitable to provide an auxiliary electrode made 
of a transparent conductive film between each segment electrode and around 
the segment electrodes on the first substrate to overlap peripheral portions of 
the segment electrodes, and to electrically insulate the auxiliary electrode 
from each segment electrode by a transparent insulating film which is 
provided between the auxiliary electrode and the segment electrode. 

In this case, it is preferable to form each segment electrode directly on 
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the first substrate, the insulating film on the first substrate and at least on a 
peripheral portion of each segment electrode, and the auxiliary electrode on 
the insulating film. 

It is suitable to form the auxiliary electrode and the insulating film in 
5 . the same planar pattern. 

Alternatively, it is also suitable to form the auxiliary electrode 
directly on the first substrate, the insulating film on the first substrate within 
opening portions in the auxiliary electrode and at least on peripheral portions 
of the opening portions in the auxiliary electrode, and the segment electrodes 
10 on the insulating film. 

In this case, it is suitable to form the segment electrode and the 

jy insulating film in the same planar pattern. 

u 

^ Alternatively, it is also suitable to provide an auxiliary electrode made 

£3 of a transparent conductive film over the entire region forming pixel areas 

fa 15 and a background area on the first substrate, a transparent insulating film on 

p the auxiliary electrode, and each segment electrode on the insulating film, 

a ~ 

thus an overlap between the opposite electrode and the segment electrode 
forms the pixel area, and an overlap between the opposite electrode and a 
portion of the auxiliary electrode without the segment electrodes forms the 

20 background area. 

In this case, the insulating film on the auxiliary electrode may be 
removed at portions where the segment electrodes are not provided. 

Furthermore, it is also possible to provide a plurality of segment 
electrode terminals for individually applying external signals to the plurality 

25 of segment electrodes, and wiring electrodes for connecting the segment 
electrode terminals and the segment electrodes respectively on the first 
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substrate, and to extend one end portion of each wiring electrode to a 
segment electrode forming region, wherein a transparent insulating film is 
provided on the first substrate and each wiring electrode, and the insulating 
film has an opening portion on the one end portion of each wiring electrode, 
5 and each segment electrode and the auxiliary electrode are provided on the 
insulating film, and each segment electrode and each wiring electrode are 
connected through the opening portion of the insulating film. 

A photovoltaic device may be disposed outside the second substrate 
of the liquid crystal display panel. Furthermore, a plurality of holes may be 
10 formed in the wiring electrode. 

When the segment electrodes and wiring electrodes are formed of a 
metal plate, sufficient electrical conduction can be obtained even if the wiring 
electrodes are formed extremely thin to be negligible. However, in this case, 

S 

Q the first substrate formed thereon with the segment electrodes is disposed on 

15 the opposite side to the visible side. 

The auxiliary electrode or the opposite electrode may be formed split 
into a plurality of parts. When the opposite electrode is formed split into a 
plurality of parts, gaps between the split opposite electrodes and gaps 
between the plurality of segment electrodes are preferably provided at 
20 different positions in a plane view. 

In the liquid crystal display panel according to the invention, since the 
auxiliary electrode is arranged around the segment electrodes, and the 
opposite electrode is also disposed on the region facing the auxiliary 
electrode to constitute the background area as described above, it is possible 
25 to apply voltage even to the background area where the opposite electrode 
and the auxiliary electrode face each other through the liquid crystal layer as 
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in the pixel area where the segment electrode and the opposite electrode face 
each other even through the same liquid crystal layer as the conventional one 
is used, thereby changing the display at the background area in the same 
manner as that at the pixel area. 

Further, the auxiliary electrode is formed of the same transparent 
conductive film as that of the segment electrode with a predetermined gap 
provided between the auxiliary electrode and each segment electrode, 
whereby the auxiliary electrode can be formed using the conventional 
segment electrode pattern forming step, which makes it possible to obtain the 
segment-type liquid crystal display panel capable of various types of displays 
with little burden on the step. 

Further, the width of the wiring electrode which is connected to each 
segment electrode to apply a predetermined voltage from an external circuit 
to each segment electrode is made small, thereby decreasing an optical 
change in the liquid crystal layer between the wiring electrode and the 
opposite electrode which influences the display at the background area. 

Hence, for example, the segment electrode gap between the segment 
electrode and the auxiliary electrode and the wiring gap between the wiring 
electrode and the auxiliary electrode are made 30 urn or smaller, thereby 
allowing the background area to perform a display with receiving little 
influence of the wiring electrode. 

Further, the provision of the insulating film between the segment 
electrode and the auxiliary electrode and between the wiring electrode and 
the auxiliary electrode makes it possible to overlap the segment electrode and 
the auxiliary electrode, or the wiring electrode and the auxiliary electrode, 
thereby further decreasing influence of the wiring electrode on the 
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background area. 

The insulating film is provided on the segment electrodes and the 
surroundings and the wiring electrodes, and the auxiliary electrode is 
provided on the insulating film, thereby eliminating influence of the wiring 
electrodes and further eliminating the segment electrode gap between the 
background area and the pixel area to achieve an excellent display quality. 

Further, the wiring electrodes are provided on the upper substrate, the 
segment electrodes are provided through the insulating film, each wiring 
electrode and each segment electrode are electrically connected to each other 
through the opening portion which is provided at a part of the insulating film, 
each segment electrode is electrically isolated, and further the auxiliary 
electrode is provided around the segment electrode with a predetermined gap 
intervening therebetween, thereby making it possible to perform a 
substantially entirely uniform display even in the case of a complex wiring 
electrode. This is effective especially when the display of the liquid crystal 
display panel is enlarged for use. 

Furthermore, the auxiliary electrode which is provided around the 
segment electrodes is split into a plurality of parts, thereby making it possible 
to conduct a control splitting the display state at the background area into a 
plurality of parts by controlling voltage between the opposite electrode and 
each of the split auxiliary electrodes. 

Further, a shielding layer or a printing layer is provided between the 
auxiliary electrodes split in a plurality of parts, thereby improving visibility 
of a display of each auxiliary electrode. 

Further, in the segment-type liquid crystal display panel having 
segment electrodes, a plurality of which are connected to each other, and 
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opposite electrodes separated corresponding to the connected segment 
electrodes, additional opposite electrodes are provided with slight gaps 
between the additional electrodes and the split opposite electrodes, and 
signals are applied to the additional opposite electrodes and the auxiliary 
5 electrodes, thereby achieving an entirely uniform display. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a plane view showing an enlarged arrangement example of 
segment electrodes and an auxiliary electrode in a first embodiment of a 
10 liquid crystal display panel according to the invention; 




2 is a partially enlarged cross-sectional view corresponding to a 

ty cross section in FIG. 1 of the liquid crystal display 

U i panel of the same; 
— . — — ■ 

P FIG. 3 is an enlarged plane view of an essential portion showing the 

pj 15 relationship between the segment electrode, the auxiliary electrode, a wiring 
electrode and a segment electrode terminal which are formed on an upper 
substrate of the same; 

FIG. 4 is a plane view of a cellular phone using the liquid crystal 
display panel according to the invention; 



20 FIGT^5-4s^schematic cross-sectional view taken along a line C-C in 



FIG. 6 is a block diagram of circuits relating to display control of the 
liquid crystal display panel in the cellular phone of the same; 

FIG. 7 is a plane view showing a simplified arrangement example of 
25 the segment electrodes and the auxiliary electrode which are formed on the 
upper substrate in a second embodiment of the liquid crystal display panel 
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according to the invention; 

FIG. 8 is a plane view showing an example of a split form of the 
opposite electrodes formed on a lower substrate of the same; 

FIG. 9 ' is a perspective plane view of a state in which the upper 
5 substrate and the lower substrate of the same are cuopled together as viewed 
from above the upper substrate; 

FIG. 10 is a rear view showing a part on the upper substrate side in a 
third embodiment of the liquid crystal display panel according to the 
invention; 

10 FfGr41as^p_artially enlarged cross-sectional view corresponding to a 

cross section taken along a lineD^DlirFIQ^lO of the liquid crystal display 

panel of the same; 

FIG. 12 is a rear view similar to FIG. 10, showing the state in which 
the auxiliary electrode is formed on the upper substrate of the same; 

FIG. 13 is a rear view similar to FIG. 12, showing the state in which 
an insulating film is further formed on the upper substrate shown in FIG. 12; 

FIG. 14 is a plane view showing a part on the lower substrate side of 
the liquid crystal display panel of the same; 

FIG. 15 is a rear view showing a part on the upper substrate side in a 
20 fourth embodiment of the liquid crystal display panel according to the 
invention; 
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FlGTl^4s-a^artially enlarged cross-sectional view corresponding to a 
cross section taken along a Une^E^iiJEIG^lS of the liquid crystal display 
panel of the same; 



25 FIG. 17 is a rear view similar to FIG. 15, showing a pattern of only 

the segment electrodes formed on the upper substrate of the same; 
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FIG. 18 is a rear view similar to FIG. 17, showing a pattern of only 
the insulating film formed on the upper substrate of the same; 

FIG. 19 is a rear view similar to FIG. 17, showing a pattern of only 
the auxiliary electrode formed on the upper substrate of the same; 

FIG. 20 is a partially enlarged view of the wiring electrode formed 
integrally with the segment electrode of the same; 

FIG. 21 is a perspective plane view of the entire fifth embodiment of 
the liquid crystal display panel according to the invention as viewed from 
above the upper substrate; 

FIG. 22 is an enlarged rear view showing a part on the upper substrate 
side of the liquid crystal display panel of the same; 

FIGr^Lisa partially enlarged cross-sectional view corresponding to a 
cross section takenaloitg--aJin^J^FjnFIG. 22 of the liquid crystal display 
panel of the same; — - — 

FIG. 24 is a rear view similar to FIG. 22, showing a pattern of only 
the auxiliary electrode formed on the upper substrate of the same; 

FIG. 25 is a rear view similar to FIG. 24, showing a pattern of only 
the insulating film formed on the upper substrate of the same; 

FIG. 26 is a partially enlarged cross-sectional view similar to FIG. 23, 
of a sixth embodiment of the liquid crystal display panel according to the 
invention; 

FIG. 27 is an enlarged rear view showing a part on the upper substrate 
side of a seventh embodiment of the liquid crystal display panel according to 
the invention; 

f^€L-28 Js a partially enlarg ed cross-sectional view corresponding to a 
cross section taken along a line H-Hu7fTG~""2Tt^ 
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FIG. 29 is a rear view similar to FIG. 27, showing a pattern of only 
the wiring electrodes formed on the upper substrate of the same; 

FIG. 30 is a rear view similar to FIG. 29, showing a pattern of only 
the insulating film formed on the upper substrate of the same; 

FIG. 31 is a rear view similar to FIG. 29, showing patterns of the 
segment electrodes and the auxiliary electrode which are formed on the upper 
substrate of the same; 

FIG. 32 is an enlarged rear view showing a part on the upper substrate 
side of an eighth embodiment of the liquid crystal display panel according to 
the invention; 

FIG. 33 is a plane view showing a split pattern of the opposite 
electrodes formed on the lower substrate of the same; 

FIG. 34 is a plane view showing an enlarged arrangement example of 
segment electrodes and an opposite electrode in a conventional segment-type 
liquid crystal display panel; and 



panel of the same. 



BEST MODE FOR CARRYING OUT THE INVENTION 

In order to describe the present invention in more detail, the preferred 
embodiments of the invention are explained with reference to the 
accompanying drawings. 




T^Kj^S is a partially enlarged cross-sectional view corresponding to a 
cross section taken alongT^Kne«A=AJ^ 34 of the liquid crystal display 




First embodiment: FIGs. 1 to 3 
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Initially, the first embodiment of a liquid crystal display panel 
according to the invention is explained with FIG. 1 to FIG. 3. 

[G. 1 is a plane view showing an enlarged arrangement example of 
the segment etee^rodes and the auxiliary electrode in the liquid crystal display 
panel, FIG. 2 is a partially enlarged cross sectional view corresponding to a 
cross section taken along^Jme B-B in FIG. 1 of the liquid crystal display 
panel, and FIG. 3 is an enlarged^cross-sectional view of an essential portion 
showing the relationship between the segment electrode, the auxiliary 
electrode, a wiring electrode, and a segmehtvelectrode terminal which are 



y j 10 formed on the upper substrate. 



In the liquid crystal display panel, as clesrly shown in FIG. 2, an 
upper substrate (first substrate) 1 and a lower substrate (second substrate) 2, 
each of which is a transparent glass substrate, are arranged opposed with a 
C3 predetermined gap intervening therebetween, and a liquid crystal layer 3 is 

pj 15 disposed in the gap. 

:« 

p On the inner surface of the upper substrate 1, a plurality of segment 

electrodes 5a to 5g (referred to as "5" when they are collectively called) each 
of which is made of an indium tin oxide (ITO) film that is a transparent 
conductive film are formed in a pattern split into seven segments in the form 
20 of "8" as shown in FIG. 1. Between the segment electrodes 5a to 5g, 
predetermined gaps are provided respectively. 

The segment electrodes 5a to 5g are integrally formed with wiring 
electrodes 12 respectively made of the same transparent conductive film to be 
connected respectively to the segment electrode terminals which are formed 
25 at the peripheral portion not shown of the upper substrate 1 in order to apply 
external signals individually to the segment electrodes 5a to 5g. Each 
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wiring electrode 12 is formed thin to be inconspicuous by making its width 
small as compared to that of each segment electrode 5. 

Furthermore, on the inner surface of the upper substrate 1, an 
auxiliary electrode 1 1 which is made of the same transparent conductive film 
5 as that of the segment electrode 5 is planarly formed around each segment 
electrode 5. A slight gap is provided between the auxiliary electrode 11, 
and each of the segment electrodes 5a to 5g and each wiring electrode 12. 

On the inner surface of the lower substrate 2 which is opposed to the 
p upper substrate 1 with a predetermined gap intervening therebetween, an 

S 10 opposite electrode 6 which is also made of an indium tin oxide (ITO) film 
m that is a transparent conductive film is provided to overlap all of the segment 

PJ electrodes 5a to 5g, the wiring electrodes 12, and the auxiliary electrode 11. 

Is J 

^ The upper substrate 1 and the lower substrate 2 are coupled together 

C3 with spacers not shown and the sealing material with the predetermined gap 

nJ 15 provided therebetween, and the liquid crystal layer 3 is sealed in the gap, 
£3 which is composed of a mixed liquid crystal containing a liquid crystal and a 

transparent solid substance. 

In this first embodiment, a mixed liquid crystal of PNM-157 (trade 
name) manufactured by Dainippon Ink and Chemicals, Inc. is used as a row 
20 material for the liquid crystal layer 3. The mixed liquid crystal is sealed 
between the upper substrate 1 and the lower substrate-2, and is then applied 
with ultraviolet light with a wavelength of 360 nanometers (run) or longer for 
60 seconds at a strength of 45 mW/cm 2 . The liquid crystal layer 3 exhibits a 
scattering property where no voltage is applied thereto. 
25 In this liquid crystal display panel, the overlaps between the opposite 

electrode 6 and the segment electrodes 5 form pixel areas 32, and the overlap 



19 



between the opposite electrode 6 and the auxiliary electrode 11 forms a 

background area 33. 

FIG. 2 shows a state in which voltage is applied between the segment 

electrodes 5 and the opposite electrode 6, and no voltage is applied between 
5 the auxiliary electrode 1 1 and the opposite electrode 6. 

The voltage is applied to the liquid crystal layer 3 between the 

segment electrode 5c and the opposite electrode 6 to reduce the scattering 

degree of the pixel area 32 there, bringing it into a transparent state, 
p Similarly, the voltage is applied to the liquid crystal layer 3 between the 

^ 10 wiring electrode 12 and the opposite electrode 6, also bringing a wiring area 

34 into a transparent state. 
5i Meanwhile, no voltage is applied to the liquid crystal layer 3 between 

the auxiliary electrode 11 and the opposite electrode 6, allowing the 
O background area 33 to be in a scattering state. Further, no voltage is applied 

FU 15 to portions at a segment electrode gap Gl around the segment electrode 5 and 

q at a wiring gap G2 on either side of the wiring electrode 12, allowing them to 

* h i - ■ 

be m a scattering state. 

In the first embodiment, the wiring electrode 12 is made thin to be 20 

|nm, thereby making it hard to view the wiring area 34 which is brought into a 

20 transparent state by applying voltage to the liquid crystal layer 3 by the 

wiring electrode 12 and the opposite electrode 6 where no voltage is applied 

between the auxiliary electrode 1 1 and the opposite electrode 6 to bring the 

background area 33 into a scattering state. 

Accordingly, control is conducted such that voltage is not applied to 

25 the liquid crystal layer 3 between the auxiliary electrode 11 and the opposite 

electrode 6 to bring the background area 33 into a scattering state but applied 
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to the liquid crystal layer 3 between electrodes for performing a display out 
of the segment electrodes 5a to 5g and the opposite electrode 6 in accordance 
with display data, thereby making it possible to display against the 
background area 33 in the scattering state a numeral by the pixel area 32 in 
the transparent state corresponding to the segment electrodes 5 to which the 
voltage is applied as in the conventional liquid crystal display panel. 

A film of a dark color such as black or the like is disposed on the rear 
face side of the liquid crystal display panel, thereby displaying a numeral in a 
dark color such as black or the like against a whitish background, and a film 
of an optional color such as red, blue, green or the like is disposed, thereby 
displaying a numeral in an optional color. 

Conversely, voltage is not applied between the segment electrodes 5 
which are required to perform a display and the opposite electrode 6 but 
applied between the segment electrodes 5 which do not perform a display and 
the auxiliary electrode 11, and the opposite electrode 6, thereby performing a 
display in which brightness and darkness of the background area and the 
pixel areas are reversed to the aforementioned case. 

In this case, no voltage is applied to the liquid crystal layer 3 between 
the segment electrode 5c and the opposite electrode 6, allowing the pixel area 
32 to be in a scattering state. Similarly, no voltage is applied to the liquid 
crystal layer 3 between the wiring electrode 12 and the opposite electrode 6, 
allowing the wiring area 34 to be also in a scattering state. Furthermore, no 
voltage is applied to portions at the segment electrode gap Gl around the 
segment electrode 5 and at the wiring gap G2 on either side of the wiring 
electrode 12, allowing them to be in a scattering state. 

Meanwhile, voltage is applied to the liquid crystal layer 3 between the 
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auxiliary electrode 11 and the opposite electrode 6 to reduce the scattering 
degree of the background area 33, bringing it into a transparent state. 

In the first embodiment, the segment electrode gap Gl and the wiring 
gap G2 are made small to be 3 um, and the wiring electrode 12 is made thin 
5 to be 20 um, thereby making it hard to recognize the wiring electrode 12 and 
the gaps Gl and G2 even when the background area 33 is brought into the 
transparent state by applying voltage between the auxiliary electrode 1 1 and 
the opposite electrode 6. 

Therefore, control is conducted such that voltage is applied to the 
Jg 10 liquid crystal layer 3 between the auxiliary electrode 11 and the opposite 
electrode 6 to bring the background area 33 into a transparent state, and 
voltage is also applied to the liquid crystal layer 3 between electrodes which 
U1 do not perform a display out of the segment electrodes 5a to 5g and the 

□ opposite electrode 6 in accordance with display data, thereby making it 

pj 15 possible to display against the background area 33 in the transparent state a 
q numeral by the pixel area 32 in the scattering state corresponding to the 

segment electrodes 5 to which no voltage is applied, even when the same 
mixed liquid crystal as that of the conventional case is used for the liquid 
crystal layer 3. 

20 Consequently, a film of a dark color such as black or the like is 

disposed on the rear face side of the liquid crystal display panel, thereby 
displaying a numeral in a color close to white against a background of a dark 
color such as black or the like, and a film of an optional color such as red, 
blue, green or the like is disposed, thereby displaying a numeral in a color 

25 close to white against an optional background color. 

As described above, with the liquid crystal display panel according to 
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the invention, it becomes possible to optionally perform a display by the pixel 
area 32 in the transmission state against the background area 33 against the 
scattering state, and a display by the pixel area 32 in the scattering state in the 
background area 33 in the transmission state by controlling application of 
voltage through use of the liquid crystal layer 3 composed of the mixed liquid 
crystal. 

> 

Further, because the segment electrode gaps Gl are provided around 
the segment electrodes 5a to 5g and the wiring gaps G2 around the wiring 
electrodes 12, the segment electrodes 5a to 5g, the wiring electrodes 12 and 
the auxiliary electrode 1 1 can be formed of the same transparent conductive 
film at the same time, resulting in the same manufacturing steps as those of 
the conventional case. Moreover, it is possible for the pixel area 32 and the 
background area 33 to perform a display in a manner to mutually complement, 
achieving the aforementioned effects. 

Referring to FIG. 3, a structural example of details of the segment 
electrode 5, the wiring electrode 12, a segment electrode terminal 26 
connected to the wiring electrode 12 and the auxiliary electrode 11 which are 
made of a transparent conductive film provided on the upper substrate (first 
substrate) 1 is explained here. 

Between the segment electrode 5 and the auxiliary electrode 11 
therearound, the segment electrode gap Gl which is a predetermined gap is 
provided. To the segment electrode 5, a thin wire electrode portion 12a 
having a width of 3 um of the wiring electrode 12 is connected, and the thin 
wire electrode portion 12a formed with the wiring gap G2 between either side 
thereof and the auxiliary electrode 1 1 passes through the auxiliary electrode 
1 1 to be connected to a thick wire electrode portion 12c which is provided by 
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the outer periphery of the background area. The wiring gap G2 is smaller 

than the segment electrode gap Gl. 

Furthermore, outside the periphery of the auxiliary electrode 11, an 

antistatic portion 98 and an antistatic portion 99 which are shown by broken 
5 lines in FIG. 3 are provided to prevent break of wiring due to static electricity 

generated between the thin wire electrode portion 12a of the wiring electrode 

12 and the auxiliary electrode 11. 

In other words, if an outlet portion of the thin wire electrode portion 
a 12a at the outer peripheral portion of the auxiliary electrode 11 is in linear 

™ 10 form, and the gap between the auxiliary electrode 11 and the thick wire 
ft* electrode portion 12c is greater than the wiring gap G2 between the thin wire 

PJ electrode portion 12a and the auxiliary electrode 11, an electrostatic 

Ul breakdown occurring portion 97, which is shown by a broken line in the 

Q vicinity of the edge portion of the auxiliary electrode 11, occurs, leading to a 

fij 15 break of the thin wire electrode portion 12a. 

□ For this reason, portions of the outer peripheral portion of the 

La 

auxiliary electrode 1 1 close to the thin wire electrode portion 12a are made to 

protrude to be close to the thick wire electrode portion 12c of the wiring 

electrode 12 as shown in the drawing, forming gaps G3 and G4, which are 
20 smaller than the above-described wiring gap G2, between the protruding 

portion and the thick wire electrode portion 12c. These are the antistatic 

portion 98 and the antistatic portion 99. 

Furthermore, the thick wire electrode portion 12c of the wiring 

electrode 12 has a connection side portion 12b for connecting the thin wire 
25 electrode portion 12a and the segment electrode terminal 26, and an 

extending portion 12d extending in the opposite side thereto, and the gap G4 
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between the protruding portion of the auxiliary electrode 11 and the 
extending portion 12d of the wiring electrode 12 at the antistatic portion 99 is 
made smaller than the gap G3 between the protruding portion of the auxiliary 
electrode 1 1 and the connection side portion 12b of the wiring electrode 12 at 
5 the antistatic portion 98. 

Further, in order to prevent the wiring electrode 12 from being broken 
due to electrostatic breakdown, a width Wl of the thick wire electrode 
portion 12c is made 50 |im. Furthermore, a width W2 of the connection side 
portion 12b other than the antistatic portion 98 is made 20 |um, and a gap G5 
Jjl 10 between the connection side portion 12b other than the antistatic portion 98 
and the outer peripheral portion of the auxiliary electrode 1 1 is made 30 |um. 

As occurrence of electrostatic discharge at the antistatic portion 98 
til increases connection resistance between the segment electrode 5 and the 

□ segment electrode terminal 26, it is preferable to make the gap G4 between 

pi 15 the auxiliary electrode 11 and the extending portion 12d of the wiring 
electrode 12 at the antistatic portion 99 smaller than the gap G3 between the 
auxiliary electrode 11 and the thick wire electrode portion 12c of the wiring 
electrode 12 at the antistatic portion 98. 

When the display of the background area by the auxiliary electrode 1 1 
20 differs from that of the pixel area by the segment electrode 5, the portion of 
the wiring electrode 12 has an optical characteristic which is also different 
from that of the background area, allowing the portion of the wiring electrode 
12 to be recognized. 

Therefore, the wiring electrode 12 is made thin and the wiring gap G2 
25 is made smaller than the segment electrode gap Gl to reduce visibility of the 
portion of the wiring electrode 12. 
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Example of application to cellular phone: FIGS. 4 to 6 

Next, an example of a cellular phone using the liquid crystal display 
panel according to the invention is explained with FIG. 4 to FIG. 6. 

is a plane view showing the external appearance of the cellular 
phone, FIG. 5 islTsehematic cross-sectional view taken along a line C-C in 




^? FIG. 4, and FIG. 6 is a block diaJr^ft-o£circuits relating to display control of 
the liquid crystal display panel therein. 



□ 



Explaining the structure of the cellular phone first with reference to 
yj 10 FIG. 4 and FIG. 5, an upper case 41a which is fixedly provided with a cover 

fll glass 42 and a lower case 41b to which a case back 43 is attached are united 

01 

with screws or the like to form an outer case 41. In a space inside the cover 
glass 42 in the outer case 41, the liquid crystal display panel 10 according to 
□ the invention is disposed, 

j 15 Under the liquid crystal display panel 10, the reflector 47 is disposed, 

and further a circuit board 45 and a transmission/reception circuit 40 are 
provided thereunder. The transmission/reception circuit 40 is connected to 
an antenna 37 protruding outward from the outer case 41 to enable 
transmission and reception of a signal. In a space between the lower case 
20 41b and the case back 43, the battery 44 is accommodated as a power supply. 

In a region of the upper case 41a other than the cover glass 42, an 
adjusting knob 38 and a number of numeral input buttons 39 are provided, 
and the circuit board 45 extends to under them and is provided with contacts 
which are opened and closed by operation of the respective numeral input 
25 buttons 39. 

In the liquid crystal display panel 10, as described above, the upper 
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substrate 1 formed with a plurality of segment electrodes, wiring electrodes, 
and the auxiliary electrode and the lower substrate 2 formed with the opposite 
electrode are bonded together with a sealing material 4, and the liquid crystal 
layer 3 composed of the mixed liquid crystal is sealed in the gap 
5 therebetween. 

The connection for applying a predetermined voltage to the liquid 
crystal display panel 10 is established by a zebra rubber connector 46 which 
is made by laminating a conductive material and an insulating material. The 
zebra rubber connector 46 is connected to a connecting terminal (not shown) 
10 and the segment electrode terminals (not shown) on the upper substrate 1 . 

The opposite electrode on the lower substrate 2 is electrically 
y connected to the connecting terminal on the upper substrate 1 through 

conductive beads (not shown) contained in the sealing material 4. 

Furthermore, it is preferable to provide between the lower substrate 2 
15 and the reflector 47, a light emitted diode (LED) device, not shown, which is 
turned on when an external light source that is a main light source is dim. 
This LED device functions as an auxiliary light source. 

In this case, since the liquid crystal layer 3 has a scattering property, 
part of light emitted from the LED device is made incident on the liquid 
20 crystal layer 3 and scatters, and another part thereof is reflected by the 
reflector 47 and then made incident on the liquid crystal layer 3 to repeat 
scattering and reflection to present uniform illumination similar to a surface 
light source. 

An ultraviolet cut film 50 is bonded to the top of the upper substrate 1 
25 of the liquid crystal display panel 10 with an adhesive to prevent 
deterioration of the liquid crystal layer 3 due to ultraviolet light. Further, as 
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shown in FIG. 4, a panel cover 49 for shielding the sealing material 4 is 
provided. 



pj 



display screen of the liquid crystal display panel 10 is split into 
three types ofdispl^yregions by the panel cover 49. More specifically, a 
^ 5 region of a time displayare^3 and a mode display area 54, a region of a 
character display area 55, and a regren^of a memo display area 56 for a 
telephone number or the like are provided. 

Further, this cellular phone is provided with adjusting buttons 57 on 
right and left side faces of the outer case 41 respectively to facilitate time 
10 adjustment and changeover of display contents and to operate transmission 

xx 

and reception of the cellular phone by one hand. The reason why they are 
provided on the right and left sides is to serve right- and left-handed users. 

The adjusting knob 38 is a component for changing display or for 
moving the display contents upward/downward and right ward/left ward. 
15 The plurality of numeral input buttons 39 are components for inputting 
telephone numbers or characters. 

Next, a circuit configuration relating to display control of the liquid 
crystal display panel 10 and operations thereof are explained using FIG. 6. 

A power supply circuit 61 forms basic power supply to be used in this 
20 cellular phone with the battery 44 shown in FIG. 5 as a power supply. Then, 
its output voltage is converted into voltage required for each circuit block by 
a voltage conversion circuit 62 to be supplied to each circuit block described 
hereinafter. 

A reference clock from a reference clock oscillation circuit 63 is 
25 divided by a synchronization separation circuit 64 into clocks for a segment 
system and an opposite electrode system to be supplied to a segment 
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synchronization circuit 65 and an opposite electrode synchronization circuit 
66. As the reference clock oscillation circuit 63, one method is using an 
oscillator used for transmission and reception of the cellular phone, and 
another method is providing the reference clock oscillation circuit 63 other 
5 than that. 

Output signals of the segment synchronization circuit 65 are supplied 
to a segment drive circuit 67 for generating a signal for driving the segment 
electrodes of the liquid crystal display panel 10 and to an auxiliary electrode 
drive circuit 69 for generating a signal for driving the auxiliary electrode. 
5 10 Further, output signals of the opposite electrode synchronization 

PJ circuit 66 are supplied to an opposite electrode drive circuit 68 for generating 

y * 

pj a signal for driving the opposite electrode and to the auxiliary electrode drive 

Q 

yi circuit 69 for generating a signal for driving the auxiliary electrode. 

Q Output voltages of the segment drive circuit 67 are individually 

m 15 applied to the segment electrodes 5a to 5g from the segment electrode 

JF 

g terminal 26 (only one is illustrated in the drawing, but each of the segment 

p * electrodes 5a to 5g is provided with it) on the upper substrate 1 of the liquid 

crystal display panel 10. It should be noted that a display signal not shown 
is also inputted into the segment drive circuit 67 to choose the segment 
20 electrode 5 to which voltage is applied in accordance with display contents. 

Furthermore, output voltage of the opposite electrode drive circuit 68 
is applied from an opposite electrode terminal 14 on the upper substrate 1 
through the conductive beads not shown to the opposite electrode 6 on the 
lower substrate 2. Moreover, output voltage of the auxiliary electrode drive 
25 circuit 69 is applied from an auxiliary electrode terminal 13 on the upper 
substrate 1 to the auxiliary electrode 1 1 . 
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The synchronization separation circuit 64 is provided with a circuit 
for reversing application voltages to the segment electrode 5, the auxiliary 
electrode 11 and the opposite electrode 6, making it possible to choose 
between the background area in the transmission state and the background 
area in the scattering state by the magnitude of the voltages to the auxiliary 
electrode 1 1 and the opposite electrode 6. 

Similarly, it is possible to choose between the transmission state and 
the scattering state of the display of the pixel area (display area) in 
synchronization with the background area. 

With the configuration as described above, it becomes possible, also 
in a cellular phone using the segment-type liquid crystal display panel 10, to 
perform various types of displays by controlling the background area at the 
display areas 53 to 56 shown in FIG. 4 and controlling the pixel areas 
synchronizing with the background area. 

Specifically, in this cellular phone, it is possible to allow the display 
hidden behind the liquid crystal display panel 10 not to be viewed or to be 
viewed by changing between the scattering state and the transmission state of 
the background area where the auxiliary electrode 11 and the opposite 
electrode 6 overlap each other. 

In addition, a photovoltaic device such as a solar cell is disposed, in 
place of the reflector 47, under the liquid crystal display panel 10, in which 
the scattering degree at the background area is controlled by controlling the 
voltage applied to the auxiliary electrode 1 1 to thereby control the quantity of 
light applied to the photovoltaic device, also controlling the quantity of the 
power generation of the photovoltaic device. 
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Second embodiment: FIGs. 7 to 9 

Next, the second embodiment of the liquid crystal display panel 
according to the invention is explained with FIG. 7 to FIG. 9. 

FIG. 7 is a plane view showing a simplified arrangement example of 
5 the segment electrodes and the auxiliary electrode which are formed on the 
inner surface of the transparent upper substrate of the liquid crystal display 
panel, and FIG. 8 is a plane view showing an example of a split form of the 
opposite electrodes formed on the lower substrate. FIG. 9 is a perspective 
plane view of a state in which the upper substrate and the lower substrate are 
10 coupled together as viewed from above the upper substrate. 

In these drawings, portions corresponding to those of the first 
embodiment shown in FIG. 1 to FIG. 3 are assigned the same numerals and 
symbols. 

On the inner surface of the upper substrate (first substrate) 1 of the 
15 liquid crystal display panel, as shown in FIG. 7, a plurality of segment 
electrodes 5 made of an ITO film and thin wiring electrodes 12 integrated 
with the segment electrodes 5 are formed, and the wiring electrodes 12 are 
individually connected to the respective segment electrode terminals 26 
which are provided in the vicinity of one side of the upper substrate 1. 
20 Around the segment electrodes 5 and the wiring electrodes 12, the 

auxiliary electrode 1 1 made of the same ITO film is formed over the entire 
effective display region with segment electrode gaps 31 formed between the 
auxiliary electrode 11 and the segment electrodes 5 and wiring gaps 30 
formed between the auxiliary electrode 11 and the wiring electrodes 12. 
25 The auxiliary electrode 11 is connected to the auxiliary electrode terminal 13 
which is provided in the vicinity of the one side of the upper substrate 1 . 



31 



In the vicinity of the one side of the upper substrate 1, two opposite 
electrode terminals 14a and 14b are further provided. 

On the lower substrate (second substrate) 2, as shown in FIG. 8, a first 
opposite electrode 6a made of an ITO film and a thin opposite electrode 
wiring electrode 23 integrated therewith are formed at a position where the 
first opposite electrode 6a does not overlap any segment electrode 5, and the 
opposite electrode wiring electrode 23 is connected to a first opposite 
electrode conducting portion 39a which is provided in the vicinity of one side 
of the lower substrate 2. 

Around the first opposite electrode 6a and the opposite electrode 
wiring electrode 23, a second opposite electrode 6b made of the same ITO 
film is formed over the entire effective display region with an opposite 
electrode gap 28 formed between the second opposite electrode 6b and the 
first opposite electrode 6a and an opposite wiring gap 24 formed between the 
second opposite electrode 6b and the opposite electrode wiring electrode 23 
respectively. This second opposite electrode 6b is connected to a second 
opposite electrode conducting portion 39b which is provided in the vicinity 
of the one side of the lower substrate 2. 

In the second embodiment, as described above, the opposite electrode 
is split into a plurality of parts (two in this example). 

The first and second opposite electrode conducting portions 39a and 
39b on the lower substrate 2 are provided at positions facing the opposite 
electrode terminals 14a and 14b on the upper substrate 1. 

Then, the upper substrate 1 and the lower substrate 2 are coupled 
together, as shown in FIG. 9, with the sealing material 4 with a predetermined 
gap intervening therebetween with the spacers (not shown), and the same 
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liquid crystal layer composed of the mixed liquid crystal as that of the first 
embodiment is sealed in the gap. In this event, the first and second opposite 
electrode conducting portions 39a and 39b on the lower substrate 2 are 
individually electrically connected to the opposite electrode terminals 14a 
and 14b on the upper substrate 1 respectively through the conductive beads 
contained in the sealing material 4. 

As can be understood from FIG. 9, the first opposite electrode 6a is 
located at a position different from the segment electrodes 5 in the plane view, 
and further the opposite electrode gap 28 and the opposite wiring gap 24 are 
also located at positions different from the segment electrode gaps 31 and the 
wiring gaps 30 in the plane view. 

According to this example, the display state of the background area 
by the auxiliary electrode 1 1 can be made different between at the portion 
where the auxiliary electrode 11 overlaps the first opposite electrode 6a and 
the portion where it overlaps the second opposite electrode 6b by the 
existence or absence of voltages applied thereto or by making voltages 
applied thereto different to make the scattering state of the liquid crystal layer 
different. 

The other functions are the same as those of the first embodiment, and 
thus the description thereof is omitted. It should be noted that only three 
segment electrodes 5 are illustrated simply, but they are actually formed in a 
seven-segment pattern for indicating a plurality of numerals or in a pattern 
for indicating symbols and the like. 

Third embodiment: FIGs. 10 to 14 

Next, the third embodiment of the liquid crystal display panel 
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according to the invention is explained with FIG. 10 to FIG. 14. 

FIG. 10 is a rear view showing a part on the upper substrate side of 
the liquidc^§tal display panel, and FIG. 11 is a partially enlarged cross- 
sectional view corresponding to a cross section taken along a line D-D in FIG. 
r\\^ 5 10 of the liquid crystal o?sp > iayDanel. FIG. 12 is a rear view showing the 
state in which the auxiliary electro^eSsformed on the upper substrate, FIG. 
13 is a rear view showing the state in wlitehan insulating film is further 
formed on the upper substrate shown in FIG. 12, ancHEKj. 14 is a plane view 
f1 showing a part on the lower substrate side of the liquid cryst^kdisplay panel. 
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10 In these drawings, portions corresponding to those of the first 

embodiment shown in FIG. 1 to FIG. 3 are assigned the same numerals and 
symbols, and the description thereof is simplified. 

In this liquid crystal display panel, the auxiliary electrode 1 1 made of 
£3 an ITO film is first formed, as shown in FIG. 12, on the inner surface of the 

flj 15 upper substrate 1 that is the first substrate. In the auxiliary electrode 11, 

n opening portions 11a are formed at positions where insulating films 7 

§==> 

described below and the segment electrodes 5 are to be provided respectively. 
Then, as shown in FIG. 13, the transparent insulating film 7 made of a 

photosensitive polyimide resin or the like is formed in each opening portion 
20 1 la in the auxiliary electrode 11 on the inner surface of the upper substrate 1 

and to partially overlap the auxiliary electrode 1 1 around the opening portion 

11a, and the same insulating film 7a is further formed on the auxiliary 

electrode 11 within a region where the wiring electrode 12 of each segment 

electrode 5 is formed. 
25 Then, as shown in FIG. 10, the segment electrodes 5 (in FIG. 10, the 

segment electrodes 5d to 5g which are a part of the electrodes split in the 
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seven segments in the form of "8" are shown) made of an ITO film are 
formed on the respective insulating films 7 to be in the same size as the 
insulating films 7. On each of the insulating films 7a, the wiring electrode 
12 which is thinner in width than the insulating film 7a is simultaneously 
5 formed at the middle in each width direction, and is formed with the segment 
electrode terminal 26 directly on the upper substrate 1 at the end portion apart 
from the insulating film 7a and the auxiliary electrode 11. 

Between adjacent electrodes out of the segment electrodes 5d to 5g, a 
predetermined gap is provided. However, no gap is provided between each 
q 10 of the segment electrodes 5d to 5g and the auxiliary electrode 11, and the 
peripheral portion of each of the segment electrodes 5d to 5g overlaps the 
auxiliary electrode 1 1 . However, they are insulated by the insulating films 7, 
so that voltages can be individually applied to the segment electrodes 5d to 
5g- 

15 Meanwhile, on the lower substrate 2 that is the second substrate, as 

shown in FIG. 14, the opposite electrode 6 made of an ITO film is formed 
over the entire display region. 

Then, the sealing material 4 is applied in the vicinity of the peripheral 
portion of the lower substrate 2 to couple the upper substrate 1 thereto with 
20 the predetermined gap intervening therebetween with the spacers not shown, 
and the liquid crystal layer 3 made of the same mixed liquid crystal as that of 
the first embodiment is sealed in the gap as shown in FIG. 11. 

Also this liquid crystal display panel has the same function as that of 
the first embodiment of displaying numerals and the like by optionally 
25 controlling the voltages between the segment electrodes 5 and the opposite 
electrode 6 and the voltage between the auxiliary electrode 11 and the 
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opposite electrode 6 to control the scattering degrees of the liquid crystal 
layer 3 therebetween, making the background area 33 and the pixel areas 32 
different in brightness and darkness, or in color. 

Furthermore, since no gap is provided between each of the segment 
5 electrodes 5d to 5g and the auxiliary electrode 1 1 in this liquid crystal display 
panel, visibility of the outline of the pixel area 32 can be improved. 
Moreover, no wiring gap is provided around the wiring electrode 12 because 
the auxiliary electrode 1 1 lies under the wiring electrode 12. Hence, the line 
width of the wiring electrode 12 is made about 15 ^im, thereby reducing 
10 visibility of optical change in the wiring area 34 shown in FIG. 11 in either 
rj case where voltage is applied between the auxiliary electrode 11 and the 

fi J opposite electrode 6 or where voltage is applied between the wiring electrode 

Ul 12 and the opposite electrode. Consequently, a uniform display can be 

O realized when the display region of the liquid crystal display panel is brought 

pj 15 into an entire transparent state. 

^» 

zs-xs. 

Fourth embodiment: FIGs. 15 to 20 

Next, the fourth embodiment of the liquid crystal display panel 
according to the invention is explained with FIG. 15 to FIG. 20. 



20 \. FIG. 15 is a rear view showing a part on the upper substrate sicle~of~ 
the liqm^^stal display panel, and FIG. 16 is a partially enlarged cross- 
sectional view corres^reiichng to a cross section taken along a line E-E in FIG. 
^) 15 of the liquid crystal dispfey^anel. FIG. 17 is a rear view showing a 

pattern of only the segment electrodesTfemied on the upper substrate, FIG. 18 
25 is a rear view showing a pattern of only th^mulating film formed on the 
upper substrate of the same, and FIG. 19 is a rear vtew showing a pattern of 
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bnly4he^uxiliary electrode formed on the upper substrate of the same. FIG. 
20 is a partiallyenlarpa~-vi^ electrode formed integrally with 
the segment electrode. ' ^ 

In these drawings, portions corresponding to those of the first 
embodiment shown in FIG. 1 to FIG. 3 are assigned the same numerals and 
symbols, and the description thereof is simplified. 

In this liquid crystal display panel, as shown in FIG. 17, a plurality of 
segment electrodes 5 (in FIG. 17, the segment electrodes 5d to 5g which are a 
part of the electrodes split in the seven segments in the form of "8" are 
shown), and the wiring electrodes 12 and the segment electrode terminals 26 
for individually applying external signals to the segment electrodes 5d to 5g 
are first simultaneously formed of an ITO film that is a transparent 
conductive film on the inner surface of the upper substrate 1 that is the first 
substrate. 

In this event, a number of small holes 12h are formed, as shown in 
FIG. 20, in the wiring electrode 12 made of the transparent conductive film in 
order to reduce visibility of the wiring electrode 12, thereby allowing the 
wiring electrode 12 to be recognized as split in small parts. 

On the surface of the upper substrate 1 formed thereon with the 
segment electrodes 5d to 5g, the transparent insulating film 7 is further 
formed over the entire display region, which is provided with opening 
portions 7h each having forms next smaller than the respective segment 
electrodes 5d to 5g at positions facing the segment electrodes 5d to 5g 
respectively as shown in FIG. 18. 

Moreover, the auxiliary electrode 1 1 made of an ITO film shown in 
FIG. 19 is formed on the insulating film 7 on the upper substrate 1. The 
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auxiliary electrode 11 is provided with opening portions llh which are of the 
same forms and at the same positions as those of the insulating film 7 and 
provided with the auxiliary electrode terminal 13. 

The insulating film 7 and the auxiliary electrode 1 1 are made in the 
same form as described above so that etching processing can be performed 
for the insulating film 7 with the auxiliary electrode 1 1 as a mask to pattern it, 
ehminating necessity of formation of an individual pattern for processing the 
insulating film 7. 

FIG. 15 shows the state in which the segment electrodes 5d to 5g, the 
wiring electrodes 12, and the segment electrode terminals 26 which are 
shown in FIG. 17 are formed on the inner surface of the upper substrate 1, the 
insulating film 7 shown in FIG. 18 is formed on them, and the auxiliary 
electrode 1 1 and the auxiliary electrode terminal 13 which are shown in FIG. 
19 are further formed. 

On the other hand, on the lower substrate 2 that is the second 
substrate, the opposite electrode 6 made of an ITO film is formed over the 
entire display region in the same manner as that shown in FIG. 14 on the third 
embodiment. 

Then, the sealing material 4 is applied in the vicinity of the peripheral 
portion of the lower substrate 2 to couple the upper substrate 1 thereto with 
the predetermined gap intervening therebetween with the spacers not shown, 
and the liquid crystal layer 3 made of the same mixed liquid crystal as that of 
the first embodiment is sealed in the gap as shown in FIG. 16. 

Also this liquid crystal display panel has the same function as that of 
the first embodiment of displaying numerals and the like by optionally 
controlling the voltages between the segment electrodes 5 and the opposite 
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electrode 6 and the voltage between the auxiliary electrode 11 and the 
opposite electrode 6 to control the scattering degrees of the liquid crystal 
layer 3 therebetween, making the background area 33 and the pixel areas 32 
different in brightness and darkness, or in color. 

Furthermore, also in this liquid crystal display panel,, since the 
auxiliary electrode 1 1 overlaps the peripheral portion of each of the segment 
electrodes 5d to 5g with no gap provided between them, improving visibility 
of the outline of the pixel area 32 can be improved. Moreover, at the wiring 
electrode 12, the auxiliary electrode 11 lies above the wiring electrode 12, 
thereby eliminating influence by the wiring electrode 12 on a display in either 
case where voltage is applied between the auxiliary electrode 11 and the 
opposite electrode 6 or where voltage is applied between the wiring electrode 
12 and the opposite electrode 6. 

Further, the same voltage can be applied to the opposite electrode 6 
over the entire display region by the segment electrodes 5d to 5g and the 
auxiliary electrode 11, which can realize a uniform display when the display 
region of the liquid crystal display panel is brought into an entire transparent 
state. 

It is possible to use a mixed liquid crystal composed of a liquid 
crystal aligning transparent solid substance, a liquid crystal and a chiral 
material for twisting the liquid crystal as the liquid crystal layer 3 which is 
sandwiched between the upper substrate 1 and the lower substrate 2. In this 
case, the liquid crystal layer 3 exhibits a transmission property where no 
voltage is applied thereto, and a scattering property where voltage is applied 
thereto. 

In this case, when the segment electrodes 5 and the auxiliary electrode 
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1 1 are made at the same potential to provide no potential between they and 
the opposite electrode 6, no voltage is applied to the liquid crystal layer 3, 
bringing the display region into an entire transmission state. 

By applying a predetermined voltage to the segment electrodes 5, 
5 providing potential between they and the opposite electrode 6 and not 
providing potential between the auxiliary electrode 11 and the opposite 
electrode 6, the liquid crystal layer 3 at the pixel area 32 shown in FIG. 15 
and FIG. 16 are brought into a scattering state, allowing the pixel area 32 in 
M the scattering state against a transparent background area 33 to be recognized 

*j3 10 by an observer. 

Alternatively, by making the segment electrodes 5 and the auxiliary 
electrode 1 1 at the same potential, providing potential between they and the 
opposite electrode 6 to bring the entire liquid crystal layer 3 into a scattering 
r;s state, and then selectively controlling the potential between the segment 

|T| 15 electrodes 5 and the opposite electrode 6, display of the pixel area 32 with 
3 high transmittance against the background area 33 in the scattering state can 

r= be also performed. 

Fifth embodiment: FIGs. 21 to 25 
20 Next, the fifth embodiment of the liquid crystal display panel 

according to the invention is explained with FIG. 21 to FIG. 25. 
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FIG. 21 is a perspective plane view of the entire liquid crystal display 
panel asvTeWed-4i^^ the upper substrate, FIG. 22 is an enlarged rear 

^ view showing a part orTthe^ of the liquid crystal display 

25 panel, and FIG. 23 is a partially enlarged crosS^eqtional view corresponding 
to a cross section taken along a line F-F in FIG. 22^Tth©4iquid crystal 
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Danel. FIG. 24 is a rear view showing a pattern of only the auxiliary 
electrode forrrieTon^&e-apr^^ubstrate, and FIG. 25 is a rear view showing a 
pattern of only the insulating film fomeTonTlie-u^peiLSjibsttate of the same. 
Also in these drawings, portions corresponding to those of the first 
5 embodiment shown in FIG. 1 to FIG. 3 are assigned the same numerals and 
symbols, and the description thereof is simplified. 

This liquid crystal display panel has, as shown in FIG. 21, six blocks 
(three pairs of two digits) composed of groups of segment electrodes in seven 
segments in the form of "8" (shown simplified in FIG. 21) and a 
10 morning/afternoon display area 53 composed of segment electrodes in 
alphabetical letters of "AM" and "PM" on the inner surface of the transparent 
upper substrate 1 that is the first substrate. 

Further, an hour display area 54 composed of two digit segment 
electrode blocks and a minute display area 55 which is similarly composed of 
15 two digit segment electrode blocks are provided at the upper side in FIG. 21 
of the liquid crystal display panel, and the morning/afternoon display area 53 
and a second display area 56 composed of two digit segment electrode blocks 
are provided at the lower side. 

At the second display area 56, two segment electrodes not shown may 
20 be provided in addition to the seven segment electrodes in order to display 
days of the week. 

Furthermore, segment electrode terminals 59 are provided (though 
there illustrated is one for each block in FIG. 21, actually seven for each 
block) which are connected to respective segment electrodes by the wiring 
25 electrodes through the sealing material. 

Moreover, the auxiliary electrode 1 1 provided on the inner surface of 
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the upper substrate 1 is split into two in the vertical direction in FIG. 21. 
Splitting into two in the vertical direction makes it possible to perform, for 
example, a display of "hour" and "minute" in a desired color in a transparent 
background, and, conversely, a display of morning/afternoon and a display of 
second in transparent against a background in a desired color. 

The opposite electrode 6 which is provided on the transparent lower 
substrate 2 that is the second substrate has the opposite electrode terminal 14 
outside the sealing material 4 on the upper substrate 1 and is electrically 
connected to the opposite electrode terminal 14 through the conductive beads 
contained in the sealing material 4. The auxiliary electrode 1 1 on the first 
substrate 1 also has the auxiliary electrode terminal 13 to enable connection 
to an external circuit. 

Details of structures of each electrode and the like in this liquid 
crystal display panel are explained with FIG. 22 to FIG. 25. 

On the inner surface of the upper substrate 1, as shown in FIG. 24, the 
auxiliary electrode 1 1 made of an ITO film that is a transparent conductive 
film is first formed split into two as described above over the entire display 
region. 

Subsequently, the transparent insulating film 7 made of a tantalum 
pentoxide (Ta 2 0 5 ) film is formed to cover the auxiliary electrodes 11 ,as 
shown in FIG. 25. 

Further, on the insulating film 7, as shown in FIG. 22, the segment 
electrodes 5 (only 5d to 5g which are a part of the segment electrodes split in 
seven segments are shown here), the wiring electrodes 12 connected to the 
respective segment electrodes 5d to 5g, and the segment electrode terminals 
26 which are provided in the vicinity of one side of the upper substrate 1 are 
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simultaneously formed of an ITO film that is a transparent conductive film. 
The width of the wiring electrode 12 is small as compared to that of the 
segment electrode 5. 

It should be noted that the insulating film 7 on the auxiliary electrodes 
1 1 is not pattern formed, but the dielectric constant of the insulating film 7 is 
increased to decrease voltage consumed by the insulating film 7 and also to 
make it possible to prevent electrical short circuit between the auxiliary 
electrodes 1 1 and the opposite electrode 6 because of conductive dust. 

Further, the segment electrodes 5 and the auxiliary electrodes 11 
realize a structure in which substantially the entire display region can be 
covered with electrodes. 

On the other hand, on the lower substrate 2, the opposite electrode 6 
made of an ITO film is formed over the entire display region in the same 
manner as that shown in FIG. 14 on the third embodiment. 

Subsequently, an alignment film (not shown) made of a polyimide 
resin is applied onto each inner surface of the upper substrate 1 and the lower 
substrate 2 and rubbed with a cloth for alignment processing in order to align 
liquid crystal molecules of a liquid crystal layer 3' in a predetermined 
direction. 

Then, the upper substrate 1 and the lower substrate 2 are coupled 
together with the sealing material shown in FIG. 14 with a predetermined gap 
intervening therebetween with the spacers not shown, and the liquid crystal 
layer 3' composed of a mixed liquid crystal made of a liquid crystal and a 
dichroic dye is sealed in the gap. The liquid crystal layer 3' twists 180 
degrees to 240 degrees and is colored with the dichroic dye when no voltage 
is applied thereto. 
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FIG. 23 shows the state in which voltage is not applied between the 
segment electrode 5g and the opposite electrode 6 but applied between the 
auxiliary electrode 1 1 and the opposite electrode 6. 

Since voltage is not applied to the liquid crystal layer 3' between the 
segment electrode 5g and the opposite electrode 6, the pixel area 32 is 
allowed to be in a colored state. Since voltage is applied to the liquid 
crystal layer 3' between the auxiliary electrode 11 and the opposite electrode 
6, the background area 33 is brought into a transparent state. 

Accordingly, it is possible to display colored numerals and the like 
against a transparent background. In this event, the same voltage as that 
between the segment electrode 5g and the opposite electrode 6 is also applied 
to the liquid crystal layer 3' between the wiring electrode 12 and the opposite 
electrode 6, bringing the wiring area 34 into a colored state, but the wiring 
electrode 12 has an electrode width of 10 urn to 15 urn so that the optical 
change in the wiring area 34 is hardly recognized. 

Further, since there is no gap provided in the plane between the 
auxiliary electrode 1 1 and the segment electrodes 5d to 5g, each pixel area 32 
is allowed to perform a sharp display. 

Conversely to the above, by applying a predetermined voltage to the 
segment electrode 5g to provide potential between the segment electrode 5g 
and the opposite electrode 6, the liquid crystal layer 3' therebetween is 
brought into a transparent state, and becomes the pixel area 32 in the 
transmission state against the colored background area 33 when potential is 
not provided between the auxiliary electrode 11 and the opposite electrode 6. 

Consequently, the background area 33 is colored in this event and the 
pixel area 32 becomes transparent, thus displaying transparent numerals and 
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the like against the colored background. 

Furthermore, in this embodiment, the auxiliary electrode 1 1 is split 
into a plurality of parts, thereby making it possible to optionally control the 
background areas 33 into the transparent state or the colored state within the 
5 same display region. 

Moreover, a photovoltaic device such as a solar cell may be disposed 
under the liquid crystal display panel to generate at least a part of electric 
power consumed by a device using the liquid crystal display panel. In this 
case, it is particularly important to control the transmittance of the 

E3 

J3 10 background area of the liquid crystal display panel with the segment 
electrode structure because reducing visibility of the photovoltaic device by 
the observer tends to be opposed to securing sufficient quantity of light 
applied to the photovoltaic device, that is, increasing transmittance of the 
p liquid crystal display panel. 

15 Further, employment of the structure in which the auxiliary electrode 

1 1 is split into a plurality of parts enables control of the quantity of power 
generated by the photovoltaic device and control of display quality according 
brightness of environment in which the liquid crystal display panel is used. 

20 Sixth embodiment: FIG. 26 

Next, the sixth embodiment of the liquid crystal display panel 
according to the invention is explained with FIG. 26. 

FIG. 26 is a cross sectional view similar to FIG. 23, of the liquid 
crystal display panel, in which portions corresponding to those in FIG. 23 are 
25 assigned the same numerals and symbols. 

This liquid crystal display panel of the sixth embodiment is 
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substantially the same as the liquid crystal display panel of the above- 
described fifth embodiment but is different only in that the transparent 
insulating film 7 made of a tantalum pentoxide (Ta 2 0 5 ) film is not provided 
over the entire auxiliary electrodes but is subjected to etching processing with 
5 the segment electrodes 5 (only the segment electrode 5g is shown in FIG. 26) 
and the wiring electrodes 12 formed thereon as a mask to be patterned. 

Hence the insulating films 7 are patterned in the same form as that of 
the segment electrodes 5 and the wiring electrodes 12. Thereby, the 
insulating films 7 are easily formed into the same form as that of the segment 
^ 10 electrodes 5 and the wiring electrodes 12 without forming an individual 
FU etching mask. 

N The insulating film 7 on the effective region of the auxiliary 

U1 electrodes 1 1 is removed as described above, thereby making it possible to 

□ apply between the auxiliary electrodes 11 and the opposite electrode 6 

pj 15 substantially the same voltage as that to the segment electrodes 5, which 
p improves uniformity of display. The segment electrodes 5 and the auxiliary 

r ~ electrodes 11 makes a structure in which substantially the entire display 

region inside the not shown sealing material is covered with electrodes. 

Other structures, operations and functions are the same as those of the 
20 fifth embodiment, and thus the description thereof is omitted. 

Seventh embodiment: FIGS. 27 to 31 

Next, the seventh embodiment of the liquid crystal display panel 
according to the invention is explained with FIG. 27 to FIG. 31. 
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25 ^FIGr^Zis a rear view showing an enlarged part on the upper substrate 




side of the liquid crystaT^tSplay-panel^and FIG. 28 is a partially enlarged 
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^StesS^ectional view corresponding to a cross section taken along a line H-H 
in FIG. 27^ot4heliquid crystal display panel. FIG. 29 is a rear view 
showing a pattern of onty^the^dnng electrodes formed on the upper substrate, 
FIG. 30 is a rear view showing a pattem<>fonly the insulating film formed on 
the upper substrate of the same, and FIG. 31 ls^tear view showing patterns 
of the segment electrodes and the auxiliary electrode wril&h^are formed on the 
upper substrate of the same. 

Also in these drawings, portions corresponding to those of the first 
embodiment shown in FIG. 1 to FIG. 3 are assigned the same numerals and 
symbols, and the description thereof is simplified. 

In this liquid crystal display panel, wiring electrodes 22, made of an 
ITO film that is a transparent conductive film, for respective segment 
electrodes are first formed, as shown in FIG. 29, on the inner surface (the 
lower surface in FIG. 28) of the upper substrate 1 that is the first substrate. 
Each of the wiring electrodes 22 is integrally formed with a connecting pad 
portion 22a at a position facing the inside of each segment electrode, and a 
segment electrode terminal portion 22b in the vicinity of one side of the 
upper substrate 1. 

Thereafter, on the surface of the upper substrate 1 formed thereon 
with the wiring electrodes 22, the insulating film 7 as shown in FIG. 30 is 
formed of a transparent photosensitive resin over the entire display region. 
The insulating film 7 is formed with through holes 7a at positions 
corresponding to the center of the connecting pad portions 22a of the wiring 
electrodes 22 respectively. 

Further, on the face of the insulating film 7 formed on the upper 
substrate 1, as shown in FIG. 31, a plurality of segment electrodes 5 (only the 
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segment electrodes 5d to 5g out of the seven segment electrodes are shown in 
FIG. 31) and the auxiliary electrode 11 therearound are simultaneously 
formed of an ITO film. Between the segment electrodes 5d to 5g and the 
auxiliary electrode, the segment electrode gaps 31 are provided respectively. 

FIG. 27 shows the state in which the wiring electrodes 22, the 
insulating film 7, the segment electrodes 5d to 5g, and the auxiliary electrode 
1 1 are formed on the inner surface of the upper substrate 1. 

Each of the segment electrodes 5d to 5g is electrically connected to 
the connecting pad portion 22a of each of the wiring electrodes 22 through 
the through hole 7a in the insulating film 7. Incidentally, the width of each 
wiring electrode 22 is small as compared to that of the segment electrodes 5d 
to 5g. 

Further, segment electrodes more than seven segments may be 
provided as the segment electrodes 5 for each character. Each segment 
electrode 5 may be formed not linearly but curved to perform a display of 
rounded numerals and the like. 

Each of the segment electrodes 5d to 5g and the auxiliary electrode 1 1 
overlap the wiring electrodes 22 through the insulating film 7 to be 
electrically isolated. Further, electrostatic capacitance of the insulating film 
7 is decreased to thereby make electric energy consumed by the insulating 
film 7 extremely small. 

On the other hand, on the lower substrate 2, the opposite electrode 6 
made of an ITO film is formed over the entire display region in the same 
manner as that shown in FIG. 14 on the third embodiment. 

Then, the sealing material is applied near the peripheral portion of the 
lower substrate 2 to couple the upper substrate 1 thereto with the 
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predetermined gap intervening therebetween with the spacers not shown, and 
the liquid crystal layer 3 made of the same mixed liquid crystal as that of the 
first embodiment is sealed in the gap as shown in FIG. 28. The liquid 
crystal layer 3 composed of the mixed liquid crystal exhibits a scattering 
property where no voltage is applied thereto, and decreases in scattering 
degree when applied with voltage to be transparent. 

Also this liquid crystal display panel has the same function as that of 
the first embodiment of displaying numerals and the like by optionally 
controlling the voltages between the segment electrodes 5 and the opposite 
electrode 6 and the voltage between the auxiliary electrode 11 and the 
opposite electrode 6 to control the scattering degrees of the liquid crystal 
layer 3 therebetween, making the background area 33 and the pixel areas 32 
different in brightness and darkness, or in color. 

The width of the wiring electrode 22 is made small to reduce visibility 
to the observer. The segment electrode gap 31 between the segment 
electrodes 5d to 5g and the auxiliary electrode 1 1 is made to have a width of 
about 10 um to be hardly viewed by applying the same voltage between the 
segment electrodes 5d to 5g and the opposite electrode 6 and between the 
auxiliary electrode 1 1 and the opposite electrode 6. 

FIG. 28 shows the state in which the same voltage is applied to the 
display area 32 constituted of a portion where the segment electrode 5g 
overlaps the opposite electrode 6 and to the background area 33 constituted 
of a portion where the auxiliary electrode 1 1 overlaps the opposite electrode 
6. Hence, the display area 32 and the background area 33 exhibit the same 
transmittance. 

Furthermore, by virtue of effects of an oblique electric field from the 
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segment electrode 5g and the auxiliary electrode 11 to the opposite electrode 
6, the same transmittance as that of the display area 32 and the background 
area 33 can be achieved in a portion of the segment electrode gap 31 by 
applying a large voltage to the liquid crystal layer 3. 
5 This can be realized by making the segment electrode gap 3 1 small 

and separating the segment electrode 5g and the auxiliary electrode 11 
through the insulating film 7. 

Eighth embodiment: FIGS. 32 and 33 
10 Next, the eighth embodiment of the liquid crystal display panel 

according to the invention is explained with FIG. 32 and FIG. 33. 

FIG. 32 is an enlarged rear view showing a part on the upper substrate 

side of the liquid crystal display panel, and FIG. 33 is a plane view showing a 

split pattern of the opposite electrodes formed on the lower substrate. 
15 Also in these drawings, portions corresponding to those of the first 

embodiment shown in FIG. 1 to FIG. 3 are assigned the same numerals and 

symbols, and the description thereof is simplified. 

In this liquid crystal display panel, a plurality of segment electrodes 5 

made of an ITO film, which are provided on the upper substrate 1 that is the 
20 first substrate, are mutually connected by two. FIG. 32 shows the segment 

electrodes 5d to 5g which are a part of the electrodes which are split in seven 

segments in the form of "8". The segment electrodes 5e and 5f are 

connected to each other and connected to a segment electrode terminal 26a 

y 

through a wiring electrode 12a. The segment electrodes 5d and 5g are 
25 connected to each other and connected to a segment electrode terminal 26b 
through a wiring electrode 12b. 
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Around each of the segment electrodes 5d to 5g and the wiring 
. electrodes 12a and 12b, the auxiliary electrode 11 made of the same ITO film 
is provided. Further, the segment electrode gaps 31 which are slight gaps 
are formed between the segment electrodes 5d to 5g and the auxiliary 
5 electrode 11, and the wiring gaps 30 which are slight gaps are also formed 
between the wiring electrodes 12a and 12b, and the r auxiliary electrode 11. 

The width of the wiring electrodes 12a and 12b is considerably small 
as compared to the width of the segment electrodes 5d to 5g. Therefore, the 
segment electrodes 5 and the auxiliary electrode 1 1 occupy substantially all 
10 the area of the display region, and the segment electrode gaps 31, the wiring 
electrodes 12a and 12b, and wiring gaps 30 exist as a quite small area. 

On the other hand, the opposite electrode made of an ITO film which 
is provided on the lower substrate 2 that is the second substrate is split into a 
q plurality of parts. 

15 In the example shown in FIG. 33, a first opposite electrode 6a is 

provided at a position mainly facing the segment electrodes 5d and 5e, a 
second opposite electrode 6b at a position mainly facing the segment 
electrodes 5f and 5g, and a third opposite electrode 6c at a position mainly 
facing the auxiliary electrode 11 on the lower substrate 2 with opposite 
20 electrode gaps 28 intervening therebetween respectively. The opposite 
electrode gap 28 is of about 10 jam. 

The opposite electrodes 6a, 6b and 6c are respectively connected to 
opposite electrode conducting portions 39a, 39b and 39c which are provided 
in the vicinity of one side of the lower substrate 2. 
25 Then, the upper substrate 1 and the lower substrate 2 are coupled 

together with the segment electrodes 5a to 5g and the opposite electrodes 6a 
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to 6c opposed respectively, and the liquid crystal layer composed of the same 
mixed liquid crystal as that of the first embodiment or the fifth embodiment is 
sealed in a gap therebetween. 

Also in this liquid crystal display panel, voltage can be selectively 
applied between each of the segment electrodes 5d to 5g and the first 
opposite electrode 6a or the second opposite electrode 6b by combination of 
the mutually connected segment electrodes 5e and 5f and the mutually 
connected segment electrodes 5d and 5g, and, the first opposite electrode 6a 
and the second opposite electrode 6b. Further, voltage can be selectively 
applied also between the auxiliary electrode 11 and the third opposite 
electrode 6c. 

This makes it possible to bring either the liquid crystal layer at the 
pixel area by the segment electrode which is chosen for a display or the liquid 
crystal layer at the background area by the auxiliary electrode into a 
scattering state (or a colored state), and the other into a transparent state, 
thereby displaying information such as numerals and the like. Moreover, it 
is also possible to bring the entire display region into a uniform display state 
by applying the same voltage to the liquid crystal layer at the background 
area and at the pixel areas or applying no voltage to either. 

In this example, segment electrodes are electrically connected to each 
other by two and the first opposite electrode and the second opposite 
electrode are provided corresponding to them. The same display function 
can be obtained with a structure in which three or more segment electrodes 
are connected, and the same number of opposite electrodes as the number of 
the connected segment electrodes and an opposite electrode facing the 
auxiliary electrode are provided. 



• - 

52 



Ninth embodiment 

In each of the above-described embodiments, it is assumed that the 
first substrate is the upper substrate 1 and the second substrate is the lower 
5 substrate 2, and the observer views a display on the liquid crystal display 
panel from the upper substrate 1 side. Conversely, the observer may view 
the display on the liquid crystal display panel from the lower substrate 2 side. 

In this case, it is unnecessary to form the segment electrodes 5 of a 
transparent conductive film, and thus they may be formed of a metal film 
10 such as aluminum or the like together with the wiring electrodes 12 and the 
segment electrode terminals 26. The metal plate can be made a reflector. 
This makes it possible to display numerals and the like by reflected light by 
the metal plate against a background in a scattering state or a colored state. 

Moreover, since the metal film has an electric resistance smaller than 
15 that of the ITO film, the wiring electrode 12 can be made thinner to make the 
wiring area more negligible. 

INDUSTRIAL APPLICABILITY 

As described above, a liquid crystal display panel according to the 
20 invention makes it possible to optionally reverse brightness and darkness of a 
pixel area for displaying various kinds of information and a background area, 
to optionally control the quantity of transmission, scattering or absorption of 
light at the background area, thereby allowing information behind the liquid 
crystal display panel to be viewed, or, to dispose a photovoltaic device 
25 therein and optionally control the quantity of its power generation. 

This makes it possible to improve variety of visual design and 
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function of various types of devices, each using a liquid crystal display panel. 



